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In October of 2015, a devastating landslide killed an estimated 350 people in the 
community of El Cambray II, located in a Guatemala City ravine, highlighting the need to 
manage landslide risk in precarious urban settlements in the area. This project evaluates landslide 
risk management in the Guatemala City metropolitan area to better encourage at-risk community 
members to change behaviors to reduce landslide risk. To evaluate specific risk management 
initiatives, the authors tracked changes in community members’ risk perception, knowledge and 
behaviors by surveying communities at different points in time during the implementation of 
initiatives. Using these factors as metrics, we demonstrate the degree to which these factors will 
change when a community-based risk management initiative is implemented in a precarious 
settlement. To characterize landslide risk perceptions, perception of landslide risk was compared 
to perception of other societal risks to which community members are exposed, and a rubric of 
relative knowledge of landslide risk was developed. A preliminary F-N (frequency of events vs 
number of fatalities) plot quantifies the degree of societal acceptance of landslide risk. Landslide 
risk faced by settlement residents was estimated with a preliminary landslide event database, for 
comparison to a quantified perception of risk to understand if communities perceive risk 
accurately, and to identify the level of intervention that would encourage behavioral change.  
Perceptions and knowledge of landslide risk are not being significantly changed by the studied 
initiatives, but behaviors are modestly changing, particularly for community members directly 
involved with the implementing organization. The results of this study are being shared with risk 
managers to improve their selection of initiatives, and to empower at-risk communities by 
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ALARP: Acronym for “as low as reasonably practicable.” It is a zone on an F-N plot where 
the risk is only acceptable if it is managed to a level that is as low as reasonably practicable. 
Cambray: Abbreviation of “El Cambray II.” Cambray was a settlement in the Guatemala 
City metropolitan area that was buried in a devastating landslide on October 15th, 2015, killing 
280 people. 
CERRPED: Acronym for “Comunidades Empoderadas en la Reducción de Riesgo a Pequeños 
Deslizamientos.” It is a landslide risk evaluation tool developed by ESFRA and being 
implemented by Perpendicular. 
COLRED:  Acronym for “Coordinador Local para la Reducción de Desastres”, translated as 
Local Coordinator for Disaster Reduction. COLREDes are community groups that educate and 
organize their fellow community members about risk to natural hazards. 
CONRED: Acronym for “Coordinador Nacional para la Reducción de Desastres”, translated 
as National Coordinator for Disaster Reduction. It is the federal government’s natural disaster 
response and relief agency. 
Cruz Roja: Abbreviation of “Cruz Roja Guatemalteca,” or the Guatemalan Red Cross. Cruz 
Roja is a local NGO evaluated in this research. They are working on a project to increase 
resilience to natural disasters in settlements of Villa Canales, in the Guatemala City metropolitan 
area. 
CSM:  Abbreviation of Colorado School of Mines, the university where this thesis 
research was conducted. 
ESFRA: Abbreviation of “Fundación Ecuménica Guatemalteca Esperanza y Fraternidad,” 
also known as Fundación ESFRA, translated as Guatemalan Foundation of Hope and 
xi 
 
Brotherhood. ESFRA is a local NGO that helped develop CERRPED, and provided invaluable 
resources for this research. 
F-N Plot: Plot of frequency (F) of N or more fatalities per year vs. number (N) of fatalities. 
It is a tool that risk managers use to illustrate risk tolerance thresholds. 
INSIVUMEH: Acronym for “Instituto Nacional de Sismología, Vulcanología, Meteorología e 
Hidrología”, translated as the National Institute of Seismology, Volcanology, Meteorology and 
Hydrology. It is the federal government’s main scientific agency for natural sciences. 
Mapeo Digital: A community-based risk mapping project implemented by Perpendicular, 
translated as Digital Mapping. It incorporates technology to empower communities to understand 
more about and take action against risks they face. CERRPED is a component of the project. 
NGO:   Acronym for “non-governmental organization.” This research specifically 
evaluates the work of three Guatemalan NGOs. 
PADF: Acronym for “Pan American Development Foundation.” PADF is an NGO headquartered 
in the United States with six offices in Latin America and the Caribbean. The Guatemalan office 
is working on the project Yo Me Preparo, building mitigation infrastructure in settlements of 
Mixco, part of the Guatemala City metropolitan area.   
PDI:  Acronym for “probability of death to an individual.” The term is used extensively 
when analyzing risk. 
Perpendicular: A small Guatemalan NGO that implemented a project called Mapeo Digital, 
which included CERRPED, in settlements throughout the Guatemala City metropolitan area. 
Semáforo: Abbreviation for “semáforo de riesgo,” a tool developed by the author to survey 
community members about their perception of a variety of risks. The goal of the tool was to be 
interactive and universally-friendly. 
xii 
 
SISMICEDE: Acronym for “El Sistema de Manejo de Información en Caso de Emergencia o 
Desastre,” or the Emergency and Disaster Information Management System. It is a database of 
natural disasters and their consequences, maintained by CONRED for all of Guatemala. 
USAC: Acronym for “Universidad de San Carlos de Guatemala,” or San Carlos 
University, the premier public research university of Guatemala. 
TECHO: A large NGO based in Chile operating in 19 countries in Latin America and the 
Caribbean. The organization was formally known as “Un Techo para mi País,” translated as “A 
roof for my country.” They are most well-known for constructing temporary wooden homes for 
socioeconomically vulnerable families. In Guatemala they build homes in various settlements of 
the metropolitan area, and have cooperated with Perpendicular on some projects. 
UDEVIPO: Acronym for “Unidad de Desarrollo de Vivienda Popular,” translated as the 
Housing Development Agency. It is the Guatemalan federal housing agency that officially 
oversees informal housing. It is the housing arm of the Ministerio de Comunicaciones 
Infraestructura y Vivienda, the federal Department of Communications, Infrastructre, and 
Housing, also known as CIV. 
Yo Me Preparo: Landslide risk management initiative being implemented by PADF in multiple 
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CHAPTER 1  
INTRODUCTION 
Guatemala City is a metropolitan area in Central America with a significant risk to 
landslides on the steep slopes of numerous ravines. For the past few decades, its population has 
been growing rapidly, mostly from rural migrants fleeing war and seeking economic 
opportunities. Because of lack of space for development, many of these poor migrants have 
settled on the precarious slopes of these ravines. There are over 300 identified precarious urban 
settlements in the metropolitan area, with an estimated population of 400,000, who live everyday 
with the risk of a landslide affecting them or their neighbors (Vega, 2016). The Guatemalan 
government, as well as numerous local and foreign non-governmental organizations, or NGOs, 
are actively working in and with these at-risk communities to manage their risk to landslides. 
Since the Cambray disaster of 2015 that buried 280 people, even more funding and effort has 
been directed towards managing the risk to landslides among settlement residents. In recent 
years, the international community of organizations and academics managing risks to natural 
disasters have focused on community-based approaches that build resilience and empower 
communities. The main question proposed in this research is: How effective are landslide risk 
management initiatives at encouraging community members to manage their risk? 
To explore this question, the researchers evaluated three landslide risk management 
initiatives being implemented in various settlements throughout the Guatemala City metropolitan 
area. Cruz Roja is an NGO implementing a resilience project focused on disaster preparedness 
training. PADF is an NGO implementing a project called Yo Me Preparo, which works with 
communities to build landslide mitigation infrastructure. Perpendicular is an NGO implementing 
a risk mapping project called Mapeo Digital, which uses a landslide risk evaluation tool called 
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CERRPED. Each of the three organizations are working in different communities and using 
different methods, but all are managing risk to landslides through their respective initiatives.  
To evaluate each initiative, the researchers analyzed community members’ perceptions of 
risk, their knowledge of risk, and their behaviors related to landslides, and how each of these 
change as a result of each initiative. Following the hypothesis that those who live at risk tend to 
underestimate that risk (Anderson and Holcombe, 2013), the initiatives should: raise community 
members’ perception of landslide risk, raise their knowledge of landslide risk, and encourage 
them to change behaviors to manage their own risk. Changes in risk perception, knowledge and 
behaviors have been studied in communities at risk to landslides, but have not been specifically 
used as metrics to assess risk management initiatives (Sánchez, 2014). 
The author and numerous research assistants investigated these changes by surveying 95 
residents across 6 precarious settlements throughout the metropolitan area. Two communities 
were surveyed for each initiative evaluated. One of those communities was surveyed at the early 
stages of the implementation and the other much later on in the implementation, to see if changes 
take place as a result of the initiative. Survey questions asked participants about their perception 
of landslide risk and how it compares to other risks in their lives. They also asked questions that 
tested their knowledge of landslide risk, and their familiarity with the NGO and initiative being 
implemented in their community. Landslide-related behaviors about which were asked included 
having a response plan in case of a landslide and engaging in any physical mitigation efforts to 
reduce risk to landslides. 
The final piece of this research was to compare risk perceptions with a quantifiable 
measure of risk, the annual probability of death to an individual. Quantifying the perception of 
landslide risk will estimate societal acceptance or tolerance of landslide risk, which can be 
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plotted on an F-N diagram to aid risk managers in maintaining risk to a level that is lower than 
that societal threshold. Places such as Hong Kong and Italy quantify risk thresholds to aid in land 
use planning, but Guatemala has no such quantification of risk tolerance (Winter and Bromhead, 
2011). 
As outlined in the following chapters, this thesis provides a background to landslide risk 
management in Guatemala City, the objectives and methods of the evaluation of the initiatives, 
followed by the results and a discussion. The discussion includes specific ideas for future 
research. The goal of this research is to quantify and assess landslide risk management in 
Guatemala City’s settlements by measuring changes in risk perception, knowledge and behavior. 
Effective risk management initiatives can be improved and expanded for the benefit of those who 















CHAPTER 2  
BACKGROUND 
2.1  Geology and Geomorphology 
Due to its geologic setting, the Guatemala City metropolitan area is stricken by natural 
disasters, including earthquakes, hurricanes, and landslides. Between 2008 and 2014 alone, there 
were an estimated 8000 deaths in the country from natural disasters (Gómez, 2015). Its proximity 
to the boundaries of the North American, Cocos and Caribbean tectonic plates place it along the 
“Ring of Fire” of high tectonic activity, and its location between the Pacific and Caribbean coasts 
leads to severe storms. The country also has an intense rainy season when most of the annual 
rainfall is accumulated (Barillas Cruz and Coe, 2013). Landslides in Guatemala can be 
earthquake-induced or rainfall-induced , both of which are common. In the famous 1976 
earthquake that struck the country, over 10,000 landslide events were initiated (Harp et al., 
1981). Hurricanes and other severe storms are the major triggering events of rainfall-induced 
landslides. Hurricanes Stan and Mitch, occurring in 1998 and 2005, respectively, triggered 
landslides that caused hundreds of deaths (Medina, 2007). Hurricane Mitch alone triggered over 
11,000 landslides (Bucknam, 2001). As seen in Figure 2.1, Guatemala has one of the highest 
number of modeled fatalities caused by rainfall-induced landslides per year, according to 
Anderson and Holcombe (2013). 
The Guatemala City metropolitan area is particularly susceptible to landslides because of 
its geology and geomorphology. The valley where the city is located is made up of Pleistocene-
aged pyroclastic material, such as pumice and ash, deposited from volcanic eruptions. Since the 
deposition of these weakly cemented materials, erosion has created steep-sided ravines that 




Figure 2.1 Rainfall-triggered landslide fatalities by country (Anderson and Holcombe, 2013). 
 
pyroclastic material can stand at very high slope angles, especially when vegetated. When this 
material is disturbed, it can exhibit more soil-like characteristics, making the slopes of these 
steep ravines prone to landslides (Faber, 2016). In Figure 2.2, the steep ravines are noticeable as 
the red and yellow linear features that are highly susceptible to landslides. This susceptibility 
map was developed based on slope and geology, which are considered as overall good indicators 
of landslides. The most recent devastating landslide event in a Guatemala City ravine affected 
the community of El Cambray II (Figure 2.3). On October 1st, 2015, a landslide killed an 
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estimated 300 people in El Cambray II, on the southeastern edge of the metropolitan area, 
marked as a bull’s eye in Figure 2.2 (De León and Monterroso, 2016). 
 




In the last half-century, cities in the developing world have seen rapid urbanization, including 
Guatemala City. From 1950 to 2000, the world’s urban share of population grew from 29 to 
46%. This rural-to-urban migration in Guatemala was spurred by economic opportunities and 
flight from political unrest, as the country experienced a civil war from 1960 to 1996. The civil 




Figure 2.3 El Cambray II landslide, a few days after failure (author). 
 
of the city (Miles et al., 2012). Many of these migrants to the city are extremely poor, and the 
city’s high population density and geographic situation in a valley means that there is little space 
for development. As in other parts of the developing world, these migrants have settled in 
precarious locations, often deemed unfit for housing because of natural hazards, including 
landslides and flooding. In the case of Guatemala City, the settlements are often developed on 
the slopes of ravines, as seen in Figure 2.4. These settlements are often referred to as unplanned 
or informal because the settlers sometimes do not purchase the marginal land or obtain building 
permits before settling there. The major incentive to settle in these ravines is that they have 
available undeveloped land located within the city, instead of on the city’s fringe (Miles et al., 
2012). Some estimates of the urban area’s informal population are as high as 700,000 (Barrios, 
2004), but only about half of that population lives in precarious settlements with elevated risk to 
landslides. There are over 300 identified precarious settlements in the urban area, with an 
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estimated population of 400,000 (Vega, 2016). Houses are constructed in these settlements using 
non-engineered cut-and-fill methods, often lack proper drainage, and usually involve removal of 
vegetation (Faber, 2016). These anthropogenic changes make the ravine slopes even more prone 
to landslides. 
 
Figure 2.4 A typical settlement in a Guatemala City ravine (author). 
 
2.3 Landslide Risk Management 
Anderson and Holcombe (2013) define disaster risk management by its three 
components: risk assessment, risk reduction, and post-disaster management. Risk assessment 
encompasses activities such as hazard mapping, monitoring, and evaluating. Risk reduction 
encompasses risk prevention, mitigation projects and disaster preparedness. Post-disaster 
management includes response and recovery techniques. Risk is communicated in both the risk 
assessment and risk reduction components of risk management. In 1994, the United Nations 
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organized a World Conference on Natural Disaster Reduction, preparing “guidelines for natural 
disaster prevention, preparedness and mitigation” in what was known as the Yokohama Strategy 
(IDNDR, 1994). In 2005 and 2015, similar conferences were held by the UN, passing the Hyogo 
and Sendai Frameworks for Disaster Risk Reduction (UN ISDR, 2007; Wahlström, 2015). These 
frameworks establish guidelines on how to understand disaster risk, how to strengthen disaster 
risk governance to manage that risk, the importance of investing in disaster risk reduction for 
community resilience and enhancing disaster preparedness. Stakeholders in landslide risk 
management, including government agencies, NGOs and communities, operate under these 
frameworks, whether or not they are specifically using them as guidelines. 
The need to effectively communicate landslide risk to vulnerable communities has long 
been a priority of risk management agencies throughout the world. Risk communication 
strategies range from education programs to risk evaluation tools. Their common goal is to 
disseminate disaster risk information to at-risk communities (Bier, 2001). The Sendai 
Framework says risk communication initiatives should “promote a culture of disaster prevention, 
resilience and responsible citizenship, generate understanding of disaster risk, support mutual 
learning and share experiences; and encourage public and private stakeholders to actively engage 
in such initiatives and to develop new ones at the local, national, regional and global levels” 
(Wahlström, 2015). 
Dai et al. (2002) organize risk management strategies into the categories of engineering 
solutions, planning control, monitoring and warning, and acceptance. Engineering solutions in 
the form of mitigation infrastructure are often community-driven, as in the example of the Pan 
American Development Foundation’s neighborhood-based landslide mitigation project in 
Tegucigalpa, Honduras (PADF, 2014). Planning control refers to risk-reducing regulations made 
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by policymakers, such as removing or regulating development in high-risk areas. In Guatemala, a 
famous example is Declaration 179, which bans development within 100 meters of a river in a 
ravine (Reyes Lopez, 2001). Monitoring and warning systems often involve community-based 
approaches, such as a community-based alert and alarm system developed for rainfall-induced 
landslides (Barillas Cruz, 2007; Calvello et al., 2015). The acceptance category is the most 
complicated of the strategies, and the focus of this research. Much research has been done on 
landslide risk tolerance criteria, discussed further in Chapter 3. Most landslide risk 
communication initiatives would fall under the acceptance category, because at-risk residents 
will remain living where they are, which implies they are accepting some level of risk.  
Some basic examples of risk communication initiatives are listed in Table 2.1 below, 
organized by what category of risk management into which they fall. Many policies and 
programs entail multiple initiatives, or a combination of those listed below (Clarke and Pineda, 
2007). Specific examples of landslide risk communication initiatives in Guatemala are discussed 
more in the following section. 
 
Table 2.1 Examples of landslide risk management initiatives. 
Category Risk Management Initiative Practitioner 
engineering solutions community-based mitigation 
infrastructure 
municipalities, NGOs 
planning control risk-reducing regulations policymakers 
monitoring and 
warning 
community-based monitoring government agency, 
NGOs 
acceptance educational programs municipalities, NGOs 
acceptance capacity-building programs government agency, 
NGOs 
acceptance preparedness workshops government agency 
acceptance/assessment risk evaluation tools NGOs 
acceptance/assessment community-based mapping NGOs 
11 
 
2.4 Landslide Risk Management in Guatemala 
 As long as precarious urban settlements have existed in Guatemala City, government 
agencies and non-governmental organizations (NGOs) have been managing risks to the 
settlements’ inhabitants. They are engaged in managing many risks, both natural and social, but 
this research focuses on their management of landslide risk. The government disaster relief 
agency, CONRED (Coordinadora Nacional para la Reducción de Desastres), translated as 
National Coordinator for Disaster Reduction, was established in 1996 to address the high risk to 
natural hazards under which many Guatemalans live (Berganza, 2015). In 2001, CONRED 
established a law to prohibit development within 100 meters of rivers in ravines in the urban 
area, but it had less effect than intended because of insufficient resources and lack of the legal 
power to evict (Reyes Lopez, 2001). The Cambray disaster of 2015 has made landslide risk 
management in the settlements a more salient issue with international attention. Local risk 
managers have continued to implement various risk-reduction initiatives, ranging from 
construction projects, educational programs, risk evaluation tools and capacity-building projects, 
with similar goals of making communities more resilient to disasters.  
In the context of Guatemala City’s precarious settlements, landslide risk is managed by a 
variety of entities, including non-governmental aid organizations, local municipal governments, 
the federal government, and agencies within the federal government (Barillas Cruz and Carrera, 
2009). Other groups who are affected by landslides or involved in landslide risk management in 
Guatemala include settlement residents and technical and social experts from academia and 
international agencies. Miles et al. (2012) studied the various stakeholders in Guatemala City’s 
landslide risk management community by using the actor-network theory, which can be seen in 
Figure 2.5, below. The author of this thesis developed a rainbow diagram (Figure 2.6) to analyze 
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the stakeholders’ relative influence on risk management, and how affected they are by landslide 
events and improper risk management. The rainbow diagram was adapted from Baillie et al. 
(2010). 
 
Figure 2.5 Actor-network theory diagram of Guatemala City’s risk management community 
(Miles et al., 2012). 
 
On the right side of the rainbow diagram are the groups who have the least amount of 
influence, which are community residents. The community residents of informal settlements are 
the most affected by landslide events, often losing life and property. The residents of formal 
settlements, on the other hand, are rarely affected by landslides, since they are developed in the 
flat parts of the city. In the center of the diagram are stakeholders with moderate influence. So-
called “experts” include outside researchers on the topic, who range from engineering geologists 




Figure 2.6 Rainbow diagram of stakeholders in landslide risk management in Guatemala City 
(developed by author). 
 
and are only involved by choice. NGOs have moderate influence in risk management because of 
their direct efforts to mitigate risk in settlements. They are also moderately affected by landslide 
events because of their at-risk community partners. The last three stakeholders are governmental 
bodies involved in risk management and land use planning. Municipal governments are 
relatively autonomous of the federal government, and issue all building permits for construction 
within their municipality. They have moderate influence because they can zone areas as unsafe 
for habitation or refuse to grant building permits. They are affected by landslides because their 
residents, and therefore their taxpayers and voters, live at risk. The agencies in the federal 
government have the most influence to enact change in risk management and communication. 
CONRED is Guatemala’s federal risk management agency and is most directly involved in 
communicating risk. Although they have more influence than the other stakeholders, they are 
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only moderately affected by landslide events because their federal funding is partially dependent 
on their effectiveness at mitigating risk. CIV is the federal department of communications, 
infrastructure and housing. The department also has the power to address some of the 
metropolitan area’s housing issues, such as creating safe and affordable housing for rural 
migrants. The department is one of the least affected stakeholders in this analysis because it 
manages much more than just housing and claims no responsibility when devastating landslides 
occur. 
2.5  Risk Management Initiatives 
Examples of risk management initiatives in Guatemala that involve communicating 
landslide risk are varied. Many NGOs, both local and international, are implementing such 
initiatives, as well as the local municipalities and CONRED. The three initiatives evaluated in 
this research are listed in Table 2.2.  
Table 2.2 Landslide risk management initiatives analyzed in this research. 
Organization Project Description 
Cruz Roja Increasing Resilience 
to Natural Disasters 
Disaster risk education, forming 
COLREDes, facilitating response plans 
PADF Yo Me Preparo Capacity-building and constructing 
mitigation infrastructure 
Perpendicular CERRPED Risk evaluation and mitigation 
suggestions 
 
Cruz Roja Guatemalteca, the Guatemalan Red Cross, is engaged in a multi-year project 
whose aim is to increase resilience to natural disasters in vulnerable communities. They work in 
various settlements in the municipality of Villa Canales, an exurb of Guatemala City. Their work 
directly related to landslide risk includes capacity-building by holding community-wide 
educational meetings and workshops about landslide risk, as well as arranging family-level and 
community-level response plans in case of a landslide-related disaster (Fernández, 2016). They 
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are also facilitating the organization of COLREDes, (Coordinadoras Locales para la Reducción 
de Desastres), translated as Local Coordinators for Disaster Reduction, which are community 
groups who educate and organize their fellow community members about risk to natural hazards, 
and who receive some oversight, training and funding from CONRED, the federal disaster risk 
management agency. Cruz Roja is working in three precarious settlements for their resilience 
project, and field work for this research was conducted in the two settlements that are at higher 
risk to landslides: El Durazno and San José El Tablón, known informally as El Tablón. Cruz 
Roja’s risk management initiative is funded by the Norwegian Red Cross (Fajardo et al., 2015). 
Yo Me Preparo (literally translates to “I am Prepared”) is a cost-effective and 
community-based project that constructs mitigation infrastructure, such as drainage systems, 
retaining walls and reinforced housing, developed by the US-based, locally-staffed NGO Pan 
American Development Foundation, or PADF (Mantilla and España, 2016). They are also 
engaged in facilitating the organization of COLREDes and educational workshops to build 
capacity within the community to manage their own risk to landslides. PADF is working 
throughout Central America and the Caribbean on a variety of projects whose common goal is to 
assist before and reconstruct after natural disasters. All of these natural disaster-related projects 
are funded by the government of Taiwan. Central America and the Caribbean are very important 
regions of the world for Taiwan, where it provides aid and has many diplomatic partner nations 
(PADF, 2014). In Guatemala, PADF is working in two communities in the municipality of 
Mixco, a suburb of Guatemala City: El Campanero and Ciudad Satélite, both of which are part of 
this research.  
The final initiative evaluated in this research is called CERRPED (Comunidades 
Empoderadas en la Reducción de Riesgo a Pequeños Deslizamientos), which translates as: 
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Empowering Communities in Risk Reduction of Small Landslides. Developed by CSM alumnus 
Ethan Faber and Fundación ESFRA, it is a tool to train community leaders in the settlements on 
how to evaluate risk to small landslides and develop options to mitigate that risk (Strouth et al., 
2017). During the study period, it was primarily being implemented in settlements by 
Perpendicular, a small NGO recently started by Guatemalans who formally worked with 
TECHO, a large Chile-based NGO specializing in providing homes to economically vulnerable 
families while facilitating young, more privileged locals to build empathy across socioeconomic 
divides (Vega, 2016). Perpendicular implemented CERRPED as part of a larger project, Mapeo 
Digital, translated as Digital Mapping, a community-based project that maps risks in settlements 
of Guatemala City with the aid of technology. Perpendicular worked in four communities for 
Mapeo Digital, two of which were surveyed for this research: 5 de Noviembre and Comunidad 
Arzú, both of which are in zone 18 of Guatemala City proper. Mapeo Digital was funded 
primarily by LACNIC (Casa de Internet de Latinoamérica y el Caribe), a large Uruguay-based 
NGO that seeks to use technology as an instrument for social inclusion and economic 
development in Latin America and the Caribbean (Valladares and Arango, 2017). 
2.6 Communities 
Field work for this research was conducted in six communities throughout the Guatemala 
City metropolitan areas, two where each NGO is implementing a landslide risk management 
initiative. To evaluate each initiative, a community in the early stages of the implementation of 
the initiative and a community in the later stages in the implementation of the initiative were 
analyzed. These six precarious settlements have very different histories and cultures, which 
affect the data collected in each of them. The following descriptions are based on data from the 
cooperating NGO, the local municipal government, anecdotal evidence from the field researchers 
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and from the interview data. A map of the communities’ locations and extents are in Figure 2.7, 
produced by research assistant Kelly. 
 
Figure 2.7 Location of surveyed communities in Guatemala City metropolitan area. Because of 
the small geographic extents, 5 de Noviembre and Arzú are in an inset map. The other black 
boxes are for clarification (developed by Kelly). 
 
El Durazno is the first community where Cruz Roja is implementing their resilience 
project. It is a rural settlement in the municipality of Villa Canales that is growing rapidly as the 
metropolitan area has expanded into it. It has been an established community for 70 years and 
has a population of about 1400 in the sector of interest, a small, landslide-prone region of the 
community. The majority of families surveyed have been part of the community for many years, 
despite the growing number of newcomers. The settlement could also be considered middle class 










directly involved with Cruz Roja’s work. The federal government built a landslide-mitigating 
retaining wall a few years before this research was conducted. In recent memory, only two major 
landslide events have occurred. In about 2015, one significantly damaged three homes. In 2016, 
an event damaged one home. There were no injuries or fatalities in either event. Figure 2.8 is an 
example of a region of concern in El Durazno. 
 
Figure 2.8 Landslide-prone slope in El Durazno (author). 
 
San José El Tablón is the second community where Cruz Roja is working. It is similar to 
El Durazno because it is also a rural community in Villa Canales that is growing rapidly, but it is 
poorer and experiences more crime. It is over 100 years old and most families have been part of 
the community for many years, although newcomers live in the more landslide-prone region. 
Only a small part of the community, known as Argelia, was surveyed for this research because of 
its particular issues with landslides. About 150 people live in the Argelia sector of El Tablón, 
most of whom have arrived fairly recently. No interviewed residents of the Argelia neighborhood 
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are directly involved with Cruz Roja’s project there. There have been no landslides of 
consequence in the community, but the local municipal government constructed some drainage 
infrastructure and a retaining wall to mitigate landslide risk. 
 
Figure 2.9 Landslide-prone slope in El Tablón (author). 
 
El Campanero is the first community where PADF is implementing Yo Me Preparo, 
although Perpendicular has also done some work in the community. El Campanero is a rural area 
in the municipality of Mixco where most families have been there for many years, although high-
rent suburban developments have recently been built surrounding the community. It is the only 
community in this research where neither economic issues nor crime were a major risk for 
residents. The west side of the community that is at risk to landslides has about 400 residents, 
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many of whom are directly involved with PADF’s work. In recent memory, there have been two 
major landslide events. One house was severely damaged in each event, which occurred in 2011 
and 2016. PADF was in the process of constructing landslide-mitigating drainage infrastructure 
during the course of this research, which can be seen in Figure 2.10. 
 
Figure 2.10 Part of PADF’s drainage project in El Campanero (author). 
 
Ciudad Satélite is the second community where PADF is working, and they were 
becoming more involved with the community as this research was conducted. Satélite was 
originally a small town outside the metropolitan area of Guatemala City, but has recently become 
engulfed by the area’s suburbanization, and is now primarily a low-income bedroom community, 
part of the municipality of Mixco. The southern sector that is considered a precarious settlement 
has approximately 1900 residents and is growing very rapidly. Most families that live at risk to 
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landslides are recent arrivals. In about the past 50 years, there has been one major landslide 
event, occurring in 2014 and killing two community members. Over the past few years, the local 
municipal government has constructed some small retaining walls to mitigate landslide risk in 
the settlement. Figure 2.11 is an example of one of the many homes near the steepest part of the 
slope below the formal street grid of Satélite. 
 
Figure 2.11 Precarious home in Ciudad Satélite (author). 
 
5 de Noviembre is a more traditional settlement in the sense that it was informally 
occupied on the 5th of November of 2005, and almost all of the residents have lived there since 
that date. It is the first community where Perpendicular is implementing Mapeo Digital and 
CERRPED. Located in the notorious zona 18 of Guatemala City, it is a very poor settlement with 
the highest levels of crime perceived among interview respondents. The entire settlement has a 
population of around 400, and there has not been a significant landslide event in the 12 years of 
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the settlement’s existence. There have not been any official landslide mitigation projects in the 
community. The only previous NGO work in the community before Perpendicular was TECHO, 
who have built many homes for the settlement’s neediest families. Figure 2.12 is a TECHO 
house that was built on a steep slope that the homeowner supported with a retaining wall of 
sandbags. 
 
Figure 2.12 Homemade retaining wall in 5 de Noviembre (author). 
 
Comunidad Arzú is also an occupied settlement in zona 18 of Guatemala City, and is 
named after the current mayor of the city. A community leader shared with the research group 
that it is less politically feasible to evict the residents of an informal settlement when it is named 
after important politicians. Arzú is the second community where Perpendicular is working, and 
also suffers from high levels of crime. The settlement was established through an overnight 
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occupation in about 1990, and most families have been in the community since that time. The 
population of the entire settlement is about 1700. Since the settlement’s establishment, there 
have been two fatal landslide events: in 2012 one person died, and in 2014 a landslide killed two 
people. The municipal government of Guatemala City, as well as the federal housing agency, 
UDEVIPO (part of CIV), have both built mitigation infrastructure in Arzú, including retaining 
walls and drainage systems. Before and throughout Perpendicular’s project, TECHO has worked 
significantly in the community building homes.  
 








CHAPTER 3  
RESEARCH OBJECTIVES 
The primary objective of this research is to quantify the effectiveness of three landslide 
risk management initiatives being implemented in precarious urban settlements of the Guatemala 
City metropolitan area. To evaluate these initiatives, changes in risk perception, knowledge of 
landslide risk and behaviors were observed and measured through community surveys using a 
simulated before-after sampling design. A secondary objective is to quantify societal risk 
tolerance of landslides by residents in the settlements and compare it to a quantifiable level of 
actual risk. Landslide risk in the settlements was analyzed using existing data and an F-N 
diagram. The quantified perceptions of landslide risk found in the survey results were then 
compared to the levels of risk found in the risk analysis.  
With the data presented in this research, landslide risk managers can better understand the 
societal threshold for risk to landslides and use their limited resources most effectively. The 
initiatives they implement can also be improved by incorporating community members’ 
knowledge and perception of risk into their risk management strategies, and to reach the most 









CHAPTER 4  
RESEARCH METHODS 
4.1  Evaluating Initiatives 
Although landslide risk management initiatives are being implemented in Guatemala 
City’s settlements, they are not being systematically evaluated or compared. There are currently 
no published evaluations of landslide risk management initiatives in the country. Since the 
Cambray disaster of 2015, more public attention and risk management has focused on landslide 
risk in the settlements. At the same time, throughout the world, risk managers and researchers are 
placing more emphasis on community-based approaches to risk reduction, melding local 
knowledge and understanding with scientific and engineering principles. Community-based 
approaches are also increasingly incorporating communities’ awareness and knowledge of risk 
when implementing risk-reducing and capacity-building projects. Building trust in communities 
has been shown to be a key component in communicating risk in ways that encourage residents 
to adopt risk-reducing behavior (Paton, 2008). This research fills the need of evaluating landslide 
risk management initiatives in a post-Cambray Guatemala, emphasizing the community-based 
model by assessing how effectively they are increasing awareness and capacity and encouraging 
behavioral change. 
 Many landslide risk management initiatives are evaluated to some degree, but generally 
not by third parties. When evaluated by the stakeholder who implements them, these initiatives 
are more often validated than critically assessed. Anderson and Holcombe (2013) suggest 
evaluating landslide risk management initiatives based on three categories: technical and 
physical; cost; and capacity, awareness, and behavioral change. This project uses their third 
category: evaluating capacity, awareness, and behavioral change.  
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Some potential concerns in evaluating landslide risk management are pointed out by 
Anderson and Holcombe (2013), for example, “Project evaluation is rarely seen as a priority 
during project implementation, ... But without project evaluation, performance and progress 
cannot be measured; data collection to this end is vital.” Despite these issues, the authors 
advocate for an analysis of behavioral changes, suggesting the “Use [of] pre- and post-project 
questionnaires to quantify or monetize benefits (and problems) resulting from the project; ... 
Look for evidence of increased awareness and understanding of landslide causes and solutions 
and changes in slope management practices.” Technical literature is advocating for more critical 
evaluation of risk management initiatives, as pointed out by Cardona (2003). 
4.2  Risk Perception 
As part of this evaluation, community members’ perception of landslide risk was studied. 
Risk perception is a field of study pioneered in Slovic (1987), who claimed that “those who 
promote and regulate health and safety need to understand how people think about and respond 
to risk.” In landslide risk communication, understanding people’s perception of risk is necessary 
to encourage behavioral change (Renn, 1998). Anderson and Holcombe (2013) hypothesize that 
“People generally underestimate the probability of disasters, the associated risks, and the 
accompanying losses. They also have a tendency to estimate risks based on their own experience 
rather than on information conveyed by experts. ... Defining a sound communication strategy 
therefore requires an understanding of people’s perceptions and behavioral biases.” Risk 
communication initiatives should take into account communities’ perception of risk and can be 
evaluated based on their changes in risk perception. This study focuses on communities’ 
perception of risk to small-scale landslides, or those that would affect fewer than five homes. 
Larger events, such as the one that buried El Cambray II, potentially skews perception to 
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significant worry that can last for many years in affected communities. The importance of 
societal perception in risk management has been noted by many studies, including Nathan 
(2008), Oven (2009) and Wachinger et al. (2013). 
One way to analyze landslide risk perception is to compare it to perception of other risks, 
as Slovic (1987) and Fell (1993) have done with different demographic groups. An example with 
landslides is seen in Figure 4.1, in a study by Finlay and Fell (1997). These are relative rankings, 
but Finlay and Fell (1997) developed a way to link qualitative and quantitative risk levels, 
converting survey answers into an annual loss of life frequency, such as 10-6. In the context of 
Guatemala City’s informal settlements, it is important to compare landslide risk perception with 
the perception of other risks, because settlement residents face many day-to-day risks that are 
more salient, such as health, safety and food security issues (Vega, 2015). To understand whether 
or not landslide risk is perceived accurately among other societal risk, it can be compared to 
actually fatality rates, as Finlay and Fell (1997) have done. The difficulty in this method is 
obtaining accurate data on landslide fatality rates, which are not as robust in Guatemala as they 
are in these previous studies conducted in Australia and Hong Kong. 
4.3  Knowledge of Landslide Risk 
Connected with understanding communities’ perception of risk is the understanding of 
their knowledge of landslides, their risk, and how to mitigate risk. Anderson and Holcombe 
(2013) claim that “Community residents [should be] aware of good slope management 
practices.” To understand knowledge of landslides, questionnaires have been developed by 
researchers such as Finlay and Fell (1997), Dwyer et al. (2004), Ahammad (2009), and Peng et 
al. (2017), that assess at-risk residents’ understanding. These often involve asking interviewees 





Figure 4.1 Example of ranking relative risk perceptions (Finlay and Fell, 1997). 
 
 
Figure 4.2 Example question to evaluate community members’ knowledge of landslide risk 
(Finlay and Fell, 1997). 
  
be: Are the residents of House A or House B at a higher risk to a landslide event? (Finlay and 
Fell, 1997). 
Although residents’ knowledge of landslide risk will always be relative, their level of 
knowledge can be combined with their perception of risk, as some researchers have done on 
relative scales, such as Slovic and Weber (2002), and Siegrist and Gutscher (2006). In Figure 
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4.3, developed from survey results by Slovic and Weber (2002), the X-axis is perception of risk, 
and the Y-axis is knowledge of risk. If landslide risk in the settlements is in the upper-left corner 
of the graph, where knowledge and accurate perception are low, risk communication initiatives 
seek to move landslides towards the lower-right corner of the graph. In that case, at-risk residents 
will better understand landslides, and perceive their risk more closely to their actual probability. 
 
Figure 4.3 Various risks on a graph of perception vs. knowledge (Slovic and Weber, 2002). 
 
4.4  Behavior Change 
The importance of encouraging at-risk community members to change their behaviors in 
ways that reduce their risk are well-documented and growing in recent literature (Scolobig and 
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Pelling, 2013). Anderson and Holcombe (2013) say that “concern does not mean understanding, 
and understanding does not necessarily lead to action.” How can community members be led to 
action? Many strategies to encourage behavioral change have been embedded into risk 
management initiatives. Stojanovic (2008) makes note that “The global experience of the 
development community has demonstrated that Community-based Disaster Risk Reduction 
efforts approached from a social and behavior change perspective ensure that the poorest, most 
vulnerable and marginalized communities understand the simple and practical actions required to 
protect lives and personal assets in the case of natural disasters.” Because of the literature’s 
suggestions to empower at-risk risk communities through the encouragement of behavioral 
change, this project uses behavior change as an evaluation metric. 
The objective of landslide risk management initiatives is to encourage changes in 
perceptions, practices and policies (Anderson and Holcombe, 2013). The initiatives that are 
evaluated in this project are trying to get community members to be more prepared for landslide 
events. One way to be prepared is to have some sort of response plan in case a landslide affects 
the house or family members. Plans can be as simple as getting to higher ground, or as organized 
as having backpacks with 72 hours’ worth of food and clothing ready by the door at all times. 
The initiatives also seek to encourage community-level changes in practices, where community 
members spend their own time, effort and sometimes money to reduce their risk to landslides 
(Drazba et al., 2018). Examples of those behaviors and practices community members can adopt 
are outlined below: 
• Installing surface water and waste water drainage networks, such as roof guttering 
• Removing trash and debris from drainage pathways 
• Bioengineering slopes by planting stabilizing vegetation 
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• Improving construction practices when adding to their home or building a new home 
• Moving beds within a house or moving a house within a lot 
• Monitoring cracks or other signifiers of slope movement 
• Maintaining slopes and homes with good slope management practices 
 
 A common way to express the goals of landslide risk management is through the term 
“resilience.” According to Paton (2008), “A resilient community is one that has a capacity to 
articulate salient problems or issues and to formulate these into questions that facilitate their 
receiving the information and resources they need to confront the issue themselves.” To build 
resilience and encourage behavior change in at-risk communities, risk needs to be communicated 
in ways that are perceived as reciprocal, instead of prescriptive (Cruz, 2010). Figure 4.4 is a 
Johari window, the goal of which is “increasing common ground and knowledge among 
stakeholders” (Anderson and Holcombe, 2013). If all stakeholders involved can approach risk 
communication through all four entry points of the window, instead of just the “inform” entry 
point, funds of knowledge will be valued and hierarchies of difference can be put aside. 
Increasing trust and respect are other important components that come about through effective 
intercultural communication, which is becoming more valued in risk communication (Fischhoff, 
1995; Gallegos, 2011; Usamah et al., 2014). The Sendai framework suggests “taking into 
account specific audiences and their needs,” which is becoming more common practice, where 
“local knowledge and practice complement scientific knowledge” (Wahlström, 2015). 
Incorporating local knowledge into community projects is becoming more standard practice 




Figure 4.4 Johari Window for intercultural communication between stakeholders (author). 
 
4.5  Risk Analysis 
Quantifying risk and societal acceptance of risk have been stressed in engineering 
geology since at least 1981 (Whitman, 1981). Risk tolerance thresholds are generally set by 
policymakers with technical assistance, to keep acceptable risk to landslides lower than the 
background risk (Ale, 2005). Background risk is a “person’s annual risk of loss of life [that] 
depends on a number of factors including their age, occupation, general state of health and other 
environmental factors” (Porter et al., 2009). It is essentially a mortality rate of a population. In 
low-income countries, such as Guatemala, official landslide risk management only has implied 
thresholds and relative acceptance of risk. In other countries, F-N curves are developed, which 
plot the frequency of landslide events against the number of fatalities caused by those events 
(Düzgün, 2013). F-N plots for landslides were developed in Hong Kong, and are applicable at 
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small and medium scales (Hungr, et al., 2016). Figure 4.5 is an F-N plot developed for Hong 
Kong and adapted for Canada (Porter et al., 2009). If F-N curves can be developed for 
Guatemala, risk managers can quantify where communities are on this curve, whether it be in the 
ALARP (as low as reasonably practicable) area or edging into the “unacceptable” area. This line 
is generally defined by background risk of society, which could look different for Guatemala 
than the example in Figure 4.5.   
 
Figure 4.5 F-N Plot for landslides in Canada (Porter et al., 2009). 
 
A major concern with quantifying risk Guatemala City is the lack of data on landslide 
events and their consequences. As noted in many landslide studies, “loss of life from landslides 
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is poorly quantified,” and many databases in low- and middle-income countries are not sufficient 
for robust analysis (Petley, 2012). Many stakeholders in Guatemala’s risk management 
community, including CONRED, have their own databases, but are not necessarily systematic or 
recording the same data. Edy Manolo Barillas Cruz, with the United Nations Office for the 
Coordination of Humanitarian Affairs, and Ari Posner, with the Hydrologic Research Center, are 
experts who have been part of efforts to organize database initiatives, collecting data such as 
locations, volumes and consequences of landslide events. Granh and Jaldell (2016) suggest ways 
to estimate fatality curves with a limited database, such as “transfer[ing] values derived in other 
studies” in similar geologic and social situations. For this research, an existing landslide database 
collected by CONRED was used to make preliminary quantification of landslides risk in 
Guatemala City. It is known as SISMICEDE, and has about 10 years of well-collected data. 
4.6  Selecting Initiatives 
 Once this research was proposed, the next step was to find suitable initiatives being 
implemented by willing partners in Guatemala. The author of this thesis spent a total of 10 
months in Guatemala for this research, the first few months of which involved becoming 
embedded in the landslide risk management community of the city. There are numerous 
government agencies and NGOs implementing projects in the settlements of Guatemala City that 
include some landslide risk management to varying degrees. Initiatives that focused on 
landslides were the target initiatives for this study. Another major deciding factor was the 
implementing organization itself, which had to be willing to have their initiative evaluated, and 
to help coordinate the logistics of field work. To build rapport and trust among various 
organizations, the author became personally acquainted with the leaders of at least 8 local NGOs 
and 4 government agencies, often attending meetings where organizations shared experiences 
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working in different settlements, such as in Figure 4.6. The author also had the opportunity to 
help organize a conference called the Primer Encuentro de Resiliencia Urbana del Área 
Metropolitana de la Ciudad de Guatemala, translated as the First Annual Conference on Urban 
Resilience in the Guatemala City Metropolitan Area, where all of the organizations involved in 
managing various risks in the settlements of the metropolitan area met to share ideas and 
experiences (España et al., 2017). In the end, the three organizations that were most willing and 
cooperative to be part of this research were Cruz Roja, PADF and Perpendicular. 
 
Figure 4.6 Building rapport with the landslide risk management community of Guatemala 
(author). 
 
4.7  Selecting Communities and Participants 
 An ideal study to evaluate changes would have been surveying community members 
before and after the implementation of initiatives, known as a before-after sampling design 
(Moser and Kalton, 2016). This ideal situation was not possible because of multiple constraints, 
including the timeline of the research, the sometimes delicate nature of gaining approval from 
36 
 
local government agencies to conduct field work in communities, and the availability of 
community leaders to arrange field visits. To closely approximate a pre- and post-
implementation analysis, two communities were selected for each initiative: one at an early stage 
in the implementation, and one at a later stage in the implementation. This is known in social 
science as a simulated before-after design (de Vaus, 2001). Although not as ideal as a before-
after design, some of its limitations can be addressed, which are discussed more in Chapter 6. 
Because the three NGOs were operating in more than two communities, the NGOs were each 
instrumental in helping the author select two of the communities in which they work for this field 
work. The criteria used for choosing communities were: 1) landslide risk present in community, 
and 2) an initiative was at an appropriate point along the timeline of implementation for the 
study. 
 Within each of the six communities, participants were selected randomly from areas of 
the community that had evident risk to landslides. Field work was conducted on weekends when 
there was a greater chance of residents being home to take part in the study. Not all residents 
who were invited agreed to be part of the study. Between 10 and 20 households were interviewed 
in each community, which represent between 50 and 100 residents if all the members of the 
household are counted for each interview. The goal was to interview community members that 
would represent at least 5% of the population of the settlement, if the fellow members of a 
respondent’s household are included. Time constraints and availability of community members 
were factors controlling how many interviews could be conducted. Two to three site visits for 
each community were required to reach that goal. In the two largest communities, Ciudad 
Satélite and Comunidad Arzú, that goal was only barely reached. In the smallest community, El 
Tablón, almost 50% of the population was represented in the survey. 
37 
 
4.8  Field Methods 
 To evaluate the three risk management initiatives in terms of community members’ risk 
perceptions and behaviors, the researchers conducted surveys of community members who live 
at risk to landslides. The survey questions were developed by borrowing some questions from 
other risk studies, such as Finlay and Fell (1997) and Dwyer et al. (2004), and adapting them to 
the context of Guatemala City’s settlements. Most questions were developed by the author and 
were revised after a trial run with community leaders in El Durazno. The four main categories of 
questions were: demographic information, risk perception, knowledge of landslide risk, and 
behaviors. Each household survey took between 30 minutes and 1 hour to conduct, allowing 
ample time for the subject to provide anecdotes about their personal experiences with landslides, 
and for the interviewer to make notes about mitigation efforts and the landslide risk faced by the 
household. The full survey can be found in Appendix A. At least two community leaders were 
interviewed in each community to understand more about the history, culture, and some statistics 
about the community. The questions in these shorter interviews can be found in Appendix B. 
Demographic questions asked respondents about their occupation, level of education, age, 
gender and other pertinent information. The main question about risk perception asked 
respondents about what risks they face in their life, and to rank them on a semáforo de riesgo, a 
“risk stoplight,” (Figure 4.7) to understand how they relatively rank the risks they face in their 
life. The semáforo used five categories, very low, low, medium, high and very high, and were 
color-coded from green to red, red being very high. Small cards depicting different risks were 
given to the interviewee to place on the semáforo themselves. Of all the surveys conducted, the 
literacy rate was only 80%, so the surveys were designed to be universal, with colors, simple 




Figure 4.7 Semáforo de riesgo used to ask about relative risk perceptions (author). 
 
A secondary question about risk perception asked survey respondents to place their 
community, along with two hypothetical communities with known levels of risk, on the 
semáforo based on their perceived landslide risk for each (Figure 4.8). These qualitative 
responses (very low, low, medium, high and very high) were converted to a quantitative risk 
level using fatality rates. Each interviewee was asked what level of risk a hypothetical 
community with the same population as their own would experience if 1 person dies each year in 
a landslide. The annual loss of life in a community with 1000 residents is 1 in 1000, or 10-3. In 
two of the communities of this study, there were landslide-related fatalities in recent memories. 
Using the known population and number of fatalities, the annual loss of life was calculated in 




Figure 4.8 Question used to quantify perceptions of landslide risk (author). 
 
 To understand survey respondents’ relative level of knowledge of landslide risk and 
mitigation options, a rubric was developed based on responses from four separate questions: 
• What factors cause landslides? 
• Are landslides controllable or preventable? By whom? 
• Between your house and your neighbor’s house, which is at higher risk to landslides? 





Figure 4.9 Diagram used to test knowledge of landslide risk (author). 
 
The rubric was a scale from 0 to 20, and points were awarded for correct answers. For the 
questions asking about factors that cause landslides, the most important factor in Guatemala, 
rainfall, was worth 3 points, and the secondary factors of seismicity, material, geometry, 
excavating and devegetation were worth 2 points each. Any other factor mentioned that was 
deemed correct earned an additional point. One point was subtracted from the score if the 
respondent did not mention rainfall as a cause of landslides. For the next knowledge-related 
question, if they correctly answered that landslides are controllable, 4 points were awarded, and 
one was subtracted if they did not think they are controllable. For the neighbor’s house question, 
3 points were awarded. The “correct” answer to this question was based on quick visual analysis 
of the two homes by the author. For the final question, 3 points were awarded for correctly 
answering that House A in the diagram is at higher risk to the landslide shown. This scoring 
rubric was validated by comparing scores to the interviewers’ notes, in which particularly high or 
low level interviewees stood out. 
 The next part of the assessment surveyed landslide-related behaviors, for which the 
principle questions were: 
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• What landslide risk management initiative are you aware of in your community? Which 
have you or your family been involved in, and what is your level of involvement? 
• What would you do if a landslide affected your house or family? 
• What preventative measures is your family taking? 
 
These three questions captured how people deal with landslide risk by: being involved with the 



















CHAPTER 5  
RESULTS 
 The results presented in this chapter are based on the 84 in-depth interviews of 
community members conducted as the field work of this research. 15 interviews were conducted 
in El Durazno, 13 in El Tablón, 9 in El Campanero, 15 in Ciudad Satélite, 17 in 5 de Noviembre 
and 15 in Comunidad Arzú. 
5.1  Risk Perception 
Although many risks faced by settlement residents were mentioned in survey responses, 
there were five risks that had non-zero median values when looking at all of the responses. Those 
risks are: crime, landslides, money, accidents and health. Because responses were sometimes 
very specific to a family’s situation, these categories each capture a range of answers. For 
example, risk of gang violence would fall into the “crime” category, and the risk of not finding 
work into the “money” category. Landslides were the only natural hazard that was consistently 
considered a risk across all communities. The median values for the risk perception question for 
all of the respondents across the six communities are shown in Figure 5.1. The relative level of 
risk scale is: 0 = no risk, 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high. As 
mentioned in Chapter 2, many settlements have issues with crime, primarily organized gang 
activity. Because settlement residents are some of the most socioeconomically vulnerable 
communities in the metropolitan area, money is a huge concern for many respondents. Accidents 
is a broad category, but some of the communities were very close to busy roads, so automobile-
pedestrian accidents are a major concern for some, particularly families with young children. 
Health was a common concern among older and disabled respondents, compounded by 
Guatemala’s private and expensive health care system. Based on the results of student’s t-tests 
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with a significance level of 0.05, there was no significant difference between the perceptions of 
crime and landslides. There were significant differences between perceptions of crime with each 
of: accidents and health, as well as between perceptions of landslides with each of: money, 
accidents and health. These statistical significances match well with the median values shown in 
Figure 5.1. 
 
Figure 5.1 Median risk perceptions across all surveyed communities. 
 
When looking at the perceptions of crime and money, the median responses of each 
community matched well with the descriptions of the community gathered from the NGO 
working there and the community leader surveys. El Tablón, 5 de Noviembre and Arzú have the 
highest levels of perceived risk to crime (Figure 5.2), and El Tablón and 5 de Noviembre had the 
highest levels of perceived risk of economic uncertainty, or money (Figure 5.3). El Campanero 
had a median value of 0 for both crime and money. T-tests also show that El Tablón, 5 de 























communities, and that El Tablón and 5 de Noviembre have higher levels of perceived risk than 
most other communities.  
 
Figure 5.2 Median risk perceptions of crime by community. 
 
 
Figure 5.3 Median risk perception of economic concerns by community. 
 
To see if risk perception changed as a result of an NGO implementing a landslide risk 



















































both risk perception questions: the one asking respondents about the risks in their own life 
(Figure 4.4), and the one asking them about what level of risk to landslides their community 
experiences compared with two hypothetical communities (Figure 5.5). 
 
Figure 5.4 Median personal landslide risk perceptions by community. 
 
 




















































In these two figures, the lighter colored bars are the “pre-” communities, and the darker 
colored bars are the “post-” communities. Each color represents a different implementing NGO: 
Blue for Cruz Roja, orange for PADF and green for Perpendicular. Looking at changes in 
personal perceptions of landslide risk in Figure 5.4, one can see that Cruz Roja’s communities’ 
risk perception does not change, PADF’s communities drop from a median value of  “very high” 
to “medium,” and Perpendicular’s rises from “medium” to “high.” Looking at changes in 
respondents’ perception of the landslide risk their community faces (Figure 5.5), Cruz Roja’s 
rises from “medium” to “high,” PADF’s does not change, and Perpendicular’s rises half of a 
level of relative risk. All of these changes are small, and t-tests did not show statistically 
significant differences in landslide risk perception between the pre- and post-implementation 
communities for any of the NGOs. 
Following the hypothesis that community members “generally underestimate the 
probability of disasters, [and] the associated risks” (Anderson and Holcombe, 2013), one would 
think that these landslide risk management initiatives should raise perceptions of landslide risk. 
That is the case for Perpendicular’s communities in both questions, Cruz Roja’s communities for 
one question, and not the case for either question in PADF’s communities. One major issue, 
discussed more in Chapter 6, is that landslide risk perception is different in different 
communities for a variety of reasons. It could be that El Campanero faces a much higher risk to 
landslides than Ciudad Satélite, and community members perceive the risk at a reasonable level. 
In that case, PADF’s initiative may have much less of an impact on changes in risk perception 
than the unique situation of the community. Even claiming that Perpendicular is increasing risk 
perception through their initiative is not necessarily the case, because Comunidad Arzú may 
naturally face a higher risk to landslides. Another issue, discussed more in Chapter 6, is that 
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respondents in communities with more historical NGO presence may overestimate their risk to 
landslides to increase the probability of their community receiving aid such as mitigation 
infrastructure. For example, Satélite and Arzú face similar levels of risk to landslides, but Arzú, 
with more NGO presence, has a higher perception of risk (Figure 5.4). Overall, it cannot be 
conclusively stated that any of the landslide risk management initiatives studied significantly 
raise community members’ perception of landslide risk. However, Cruz Roja and Perpendicular 
may have some influence on the increased perception of landslide risk among respondents.  
5.2  Knowledge of Landslide Risk 
As discussed in Chapter 4, a rubric of knowledge of landslide risk was developed to rank 
respondents’ knowledge relative to other community members. An ideal landslide risk 
management would increase community members’ knowledge of landslides, landslide risk and 
appropriate mitigation methods. The data from the surveys were less than ideal, showing little 
change between the “pre-” and “post-” implementation communities (Figure 5.6). The change 
that did exist in the communities of Cruz Roja and Perpendicular was actually a decrease in 
knowledge score. At first glance, this seems like negative outcomes of evaluating these 
initiatives, but similar to the analysis of risk perception, it could be that each community has 
different experiences and therefore different knowledge of landslides. The initiatives may not 
have a great influence on residents’ knowledge of landslides. Additionally, t-tests did not show 
statistically significant differences in levels of knowledge of landslide risk between the pre- and 
post-implementation communities for any of the NGOs. 
To better understand this unexpected result, one can analyze what other factors may cause 
differences in levels of knowledge of landslides. As one can see in Figure 5.7, knowledge scores 




Figure 5.6 Median knowledge scores by community. 
 
longer a respondent has spent living in a precarious settlement. This shows that in the context of 
Guatemala City’s precarious settlements, knowledge of landslide risk is based on experience. 
The longer a resident has lived at risk to landslides, the more familiar they are with the how 
landslides work and the risk they can pose. These visual results were corroborated by conducting 
t-tests. Respondents with no formal education had knowledge scores that were no statistically 
significant different than those with a high school education or higher, as seen in the median 
knowledge scores of those groups in Figure 5.7a. There was a statistically significant difference 
(p-value of 0.02) between the knowledge scores of respondents who had lived in a settlement for 
less than 10 years and those who had lived in one for 20 or more years. 10 and 20 years of 
residency were used in the t-test to make each group the same number of respondents. 
Furthermore, analyzing knowledge scores based on occupation of the respondent shows a 
pattern where home-based residents and those who do manual labor, often outside, have more 
landslide knowledge. Presumably, respondents who are home-based (housewives, retirees, the 


























Figure 5.7 (a) Median knowledge scores based on level of formal education, and (b) based on 
time spent living in precarious settlement. 
 
to slope movement, and other on-the-ground information learned through experience. 
Respondents who work in manual labor, such as construction, often work outside and in the 
community, or neighboring settlements. One may surmise that they are also intimately familiar 
with the land and weather, and how and when landslides occur. Respondents who work other 
jobs, such as office workers, cooks and street vendors, spend more time outside of precarious 
settlements, and have less exposure to landslides in their day-to-day life. Respondents who work 
manual labor jobs have a median knowledge score almost 50% higher than that of those who 
work in other jobs (Figure 5.8). A t-test to compare those two groups also showed a statistically 
significant difference, with a p-value of 0.02. 
Although the evaluated landslide risk management initiatives do try to educate community 
members on the principles of landslide risk and mitigation, it is not conclusive that any of the 
three make a significant impact on the knowledge of the average community member. 
Knowledge of landslides is much more dependent on exposure to landslides, and experience 
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Figure 5.8 Median knowledge scores based on respondents’ type of occupation. 
 
5.3  Behaviors 
To understand community members’ behaviors related to landslides, the researchers 
analyzed involvement with the initiative in their community, having a response plan, and 
mitigation efforts. Because NGOs can only engage with community members willing and able to 
take part in their trainings and events, a very small percentage of residents are actually directly 
involved with the project being implemented (Figure 5.9). In fact, no one interviewed in El 
Tablón was involved with Cruz Roja’s project there. Only El Campanero was an outlier in 
involvement. It is a small, close-knit community where many residents have lived for 
generations. This closeness of community is key for disseminating information about landslide 
risk to as many residents as possible.  
The three landslide risk management initiatives studied are aiming to encourage 
community members to adopt landslide response plans. Based on the data presented in Figure 























Figure 5.9 Level of involvement with initiative by community. 
 
shades) are more likely to have response plans than the “pre-implementation” communities. 
Respondents in Cruz Roja’s second community (El Tablón) are less likely to have a response 
plan than the first (El Durazno), but only 6% less likely. This anomaly could be in part because 
of the lack of involvement by respondents in El Tablón. Across all six communities, respondents 
who are involved in the initiative are 20% more likely to have a response plan than those who are 
not involved (Figure 5.11). 
Perhaps the most critical of the behavioral changes a landslide risk management initiative 
can encourage is for community members to adopt their own mitigation efforts. Of the 84 
community members surveyed, 50 had engaged in some type of physical landslide mitigation, 
which is nearly 60% of the total. The percentage of respondents mitigating their own risk (Figure 
5.12) is not as clearly positive as changes in the share of respondents with response plans (Figure 
5.10). Only PADF’s second community (Arzú) had a higher share of respondents engaged in 

















Figure 5.10 Share of respondents who have a landslide response plan, by community. 
 
 
Figure 5.11 Share of respondents who have a landslide response plan, by involvement with 
initiative. 
 
that people mitigate include their knowledge of landslides and how long they have spent living in 



























in a settlement more than 30 years were nearly 25% more likely to mitigate than those who had 
lived there less than 10 years. 
 
Figure 5.12 Share of respondents engaged in landslide mitigation, by community. 
 
 
Figure 5.13 (a) Share of respondents mitigating, by knowledge score (low < 10, high > 12), and 
































Another useful way to analyze risk mitigation adoption is to compare responses by each 
implementing NGO. In Figure 5.14, one can see that the residents of Perpendicular’s 
communities that are the most likely to be engaged in mitigation, followed by PADF. This seems 
reasonable as Cruz Roja’s initiative is focused on education, PADF on building mitigation, and 
Perpendicular on evaluating risk and suggesting mitigation options. Because CERRPED 
(Perpendicular’s risk evaluation tool) evaluates relative risk to landslides one household at a 
time, one can also analyze levels of mitigation based on whether or not CERRPED has been 
implemented on that house. Perpendicular provided a list and map of homes where they 
implemented CERRPED, which was used to divide survey responses into two groups (Figure 
5.15). Households where CERRPED had been implemented were nearly 20% more likely to 
mitigate than those that had not, a clear indication of its success at encouraging mitigation 
efforts. 
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Figure 5.15 Share of respondents mitigating, by whether or not the CERRPED risk evaluation 
tool had been implemented there. 
 
5.4  Demographic Trends 
Many NGOs implementing landslide risk management initiatives engage communities by 
disseminating information through community leaders. Advertising for initiative meetings, 
trainings and other events are often by word of mouth and are entirely voluntary. While 
analyzing the data from these surveys, some interesting and surprising things appeared about 
who is receiving information and what they are doing with it. If organizations that implement 
risk management initiatives are more aware of who is and who is not receiving information, they 
may be able to better plan more inclusive and more targeted approaches.  
First, the community members who become involved with initiatives may not be the most 
vulnerable community members. As seen in Figure 5.16, community members who are involved 
in initiatives are less concerned about crime and money that those who are not involved, and they 














tests between the involved and uninvolved groups back up those visual results. The p-value for 
the test for perception of crime was 0.04, for perception of landslides it was 0.04 and for 
perception of money it was 0.01. For health and accidents the p-value was higher than the 
significance level of 0.05, indicating no significant difference. Involved community members are 
also better educated (Figure 5.17a), more literate (Figure 5.17b) and know more about landslides 
(Figure 5.18a). Although it is also possible that those who became involved gained more 
knowledge about landslides. They also have smaller households, which means fewer children, 
and potentially more spare time to devote to the initiative (Figure 5.18b). 
 
Figure 5.16 Relative risk perceptions by whether or not respondent is involved in initiative. 
 
It is also apparent that community members who are making plans in case of landslides 
and mitigating their risk to landslides are also more likely to be better prepared to make those 
changes in their lives. Respondents who are making plans generally had a higher relative 


















Figure 5.18 (a) Involvement with initiative by knowledge score (low < 10, high > 12), and (b) by 
number of members in household. 
 
property were more likely to have a response plan than those who occupied their property 
(Figure 5.19b). This could be in part because community members who were able to afford a 
home have more time and resources to devote to developing a landslide response plan, and in 
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who mitigated their risk to landslides generally had smaller households (Figure 5.20), and were 
more able-bodied: more often men (Figure 5.21a) of working age (Figure 5.21b).  
 
Figure 5.19 (a) Share of respondents who have a landslide response plan, by knowledge score, 
and (b) by method of land acquisition. 
 
 






























Figure 5.21 (a) Share of respondents mitigating, by gender, and (b) by age of respondent. 
 
The trends presented above are concerning because landslide risk management initiatives 
should be most effective when there is more community involvement and more residents 
changing their behavior. The fact that the community members who are involved in these 
initiatives are less worried about crime and money, more educated, more literate, and have 
smaller households, shows that the most vulnerable residents of a precarious settlement are less 
likely to be directly benefitted by the initiative. Those who are more likely to be changing their 
behaviors were more likely to have bought their home and know more about landslide risk, and 
those mitigating were most likely to be working-age men. Organizations implementing risk 
management initiatives can use this data to more effectively reach a wider audience in 
communities, such as teaching single mothers specific low-cost and low-labor mitigation 
techniques. Other ways this data can be used is discussed more in Chapter 6. 
5.5  Risk Analysis 
To better understand landslide risk in Guatemala City’s precarious settlements, it is 

















As mentioned in Chapter 4, data on fatal landslide events is sparse in Guatemala, and this project 
involved assembling what data does exist. The small federal scientific agency of Guatemala, 
INSIVUMEH (Instituto Nacional de Sismología, Vulcanología, Meteorología e Hidrología), 
translated as the National Institute of Seismology, Volcanology, Meteorology and Hydrology, 
created an extreme event database that included landslides. This database was mostly compiled 
from media reports of past events and stretched as far back as 1918. In 1991, INSIVUMEH 
stopped updating the database, in part due to funding issues. Because of its irregularity, this 
database was not used for risk analysis in this research. In 2008, CONRED started their own 
extreme event database with detailed descriptions of landslide events, often including field visits 
to larger events. This database is known as SISMICEDE (El Sistema de Manejo de Información 
en Caso de Emergencia o Desastre), or the Emergency and Disaster Information Management 
System. It is continually updated and was therefore used for this analysis. Although it is 
theoretically available to the public, SISMICEDE is currently underutilized by landslide risk 
managers because it is password-protected and has a cumbersome user interface. For 
organizations without personal relationships with CONRED employees, it can be too onerous to 
take the time to access and navigate the data. 
Based on the SISMICEDE database, 482 people died in landslides in the department of 
Guatemala (roughly the metropolitan area) in the 9-year period between 2008 and 2016. 
Landslide-related deaths during that period are heavily influenced by El Cambray II, where 280 
people died in October of 2015, as seen in Figure 5.22. Based on other risk analyses (Porter et 
al., 2009; Bureau of Reclamation, 2011, LeRoi et al, 2005), the critical variable for analyzing 
risk is the annual probability of death to an individual, or PDI. Using the total estimated 
population of the metropolitan area’s settlements of 400,000 and the SISMICEDE database, the 
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annual PDI of a given settlement resident is 1.34 x 10-4. Figure 5.23 is a map of fatal landslide 
events from the SISMICEDE database. One can see that most events cause a small number of 
fatalities. 
 
Figure 5.22 Landslide-related fatalities in the department of Guatemala between 2008 and 2016 
(developed by author from SISMICEDE data). 
 
As introduced in Chapter 4, F-N diagrams are a way to understand the relationship 
between risk and societal risk thresholds, which can be useful for risk managers to effectively 
use their resources. Figure 5.24 is an F-N diagram of landslide risk developed for the settlements 
of Guatemala City. The boundaries between the different zones are were made using the exact 
same values that are used in Hong Kong (LeRoi et al., 2005) and Canada (Porter et al., 2009). 
The line that separates the “unacceptable” zone with the “ALARP” (as low as reasonably 
practicable) zone is known as the reference line, and is defined by society, and could be different 
based on the culture, class and norms of the society at risk. In general, this tolerable amount of 



























Figure 5.23 Map of fatal landslide events in the department of Guatemala, 2008 to 2016 
(developed by Kelly). 
 
exposed in everyday life” (LeRoi et al., 2005). That is to say that the likelihood of dying in a 
landslide should be no higher than the likelihood of death in day-to-day life, known as the 
background risk. Because the background risk in Guatemala is much higher than in more 
developed countries such as the United States and Canada, the hypothesis is that the risk 
tolerance to landslides would be higher in Guatemala. Figure 5.25 is the background probability 
of death by age for Guatemala and the United States (Kochanek et al., 2016; UNICEF, 2017). 
The curve for Guatemala ends before that of the United States because the life expectancy is 
about 10 years lower in Guatemala. The red line is the annual PDI for a resident of a precarious 
settlement in Guatemala City, only slightly higher than the background risk for an American. If 
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communities in the United States faced the same amount of risk that settlement residents do in 
Guatemala, it would be an unacceptable risk, but because of Guatemala’s higher background 
risk, it is more tolerable.  
  
Figure 5.24 F-N plot for Guatemala (developed by author). The small red dots represent the 
annual PDIs for Arzú and Satélite, where the median risk perception is “medium.” The large red 
dot represents the landslide PDI of all settlement residents in the metropolitan area. The red line 
represents the range of PDIs for the hypothetical community. The median risk perception in each 
surveyed community for the hypothetical was “very high.” 
 
Theoretically a higher risk tolerance would mean that the reference line on the F-N 
diagram would be higher, but the survey data on risk perception shows otherwise. In Figure 5.24, 
the large red dot is the annual PDI to landslides for settlement residents, 1.34 x 10-4, assuming 
each fatal event only causes one fatality. The two smaller red dots below it represent the annual 














































Figure 5.25 Background risk for Guatemala and the United States. The orange line correlates 
with the large orange dot in Figure 5.24. 
 
recent landslide-related fatalities. With a population of about 1700, and 3 deaths in the past 27 
years, the PDI for Arzú is 6.54 x 10-5. For Satélite, with a population of 1900 and 2 deaths in the 
past 50 years, the PDI is 2.11 x 10-5. The median response for each of those communities’ 
landslide risk perception was “medium,” which implies that those community members are 
aware but comfortable living with that risk. The high red line on the F-N diagram is a range of 
annual PDIs for hypothetical communities that was presented to survey respondents, where one 
person dies each year in a landslide. Each hypothetical community had the same population as 
the community surveyed, which leads to a range of PDIs for each of the six hypothetical 
communities based on the population of the surveyed community. The range of PDIs is from a 
low of 5.26 x 10-4 to a high of 6.67 x 10-3.  The median response for the level of risk to landslides 
the hypothetical community felt was “very high” for all six communities surveyed. In fact, more 
than 70% of respondents answered “very high” to this question except in Comunidad Arzú, the 

















where just over 50% of respondents answered “very high.” The response of  “very high” implies 
a risk that is not tolerable, and many respondents added that they would never live in a 
community with that level of risk to landslides.  
When analyzing where risk perceptions fall along the y-axis of the F-N diagram, it seems 
that residents of Guatemala City’s settlements perceive landslides in a similar manner to the 
degree to which they are managed in more developed countries. The “medium” risk perception 
responses fall into the ALARP zone, and the “very high” responses fall into the 
UNACCEPTABLE zone. This does not support the hypothesis that Guatemala’s higher 
background risk will raise the risk threshold, and reference line, of an F-N plot developed for the 
settlements. Risk tolerance is important to understand when implementing landslide risk 
management initiatives, and this F-N plot can be useful to risk managers when deciding in which 
communities to work and what type of initiative to implement. 
Comparing risk perception to actual fatality rates is another way to analyze communities’ 
risk, and how it can be managed most effectively. Of the five principal concerns found through 
the surveys (crime, landslides, money, accidents and health), fatality rates are only readily 
available for crime, landslides and accidents. Lack of economic resources leading to death would 
be difficult to quantify, and health is too broad of a category to quantify fatality rates. According 
to the government of Guatemala, 1802 people were murdered in the department of Guatemala in 
2016 (STCNS, 2017). With a population of over 2.5 million, the annual PDI for murder is 7.09 x 
10-4, which is for an area larger than the metropolitan area. Unfortunately, the urban settlements 
of Guatemala are the most crime-prone parts of the metropolitan area (Vega, 2016). The 
population of the settlements is only about 15% of the metropolitan area, but even a conservative 
assumption that murders affect settlement residents at twice the rate they affect all other residents 
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of the metropolitan area, that number would jump to 1.42 x 10-3, over an order of magnitude 
higher than the PDI to landslides in settlements. Although risk to accidents encompassed a range 
of responses, most respondents were specifically concerned about traffic. In 2013, there were 
officially 1522 traffic-related fatalities in the entire country of Guatemala, although the World 
Health Organization estimates that number could be much higher because of underreporting 
(WHO, 2015). The PDI from traffic is 9.84 x 10-5, slightly lower than the PDI to landslides.  
The calculated PDIs of risk to murder, landslides and car accidents can be compared to 
the perceived risk to crime, landslides and accidents, respectively (Figure 5.26). The higher the 
probability of death, the high the risk should be perceived, as indicated by the trendline. Based 
on this data, the perception of risk to crime, landslides and accidents lines up fairly well with the 
actual fatality rates. Because the landslide risk point falls to the right of the trendline, the 
perceived risk to landslides is an overestimate, and would more accurately be closer to 3, as 
noted by the error bar. Because the risk of murder is to the left of the trendline, the perceived risk 
to crime is an underestimate, and would be more accurate if it was closer to 5. The three zones 
on the figure are taken from the F-N diagram for events that result in one fatality. One potential 
reason that landslide risk is overestimated is that respondents may tell outsiders that their risk is 




Figure 5.26 Comparing risk perception with actual probability of death (PDI) for selected risks. 
















































CHAPTER 6  
DISCUSSION 
6.1  Limitations 
Despite the applicability of the trends and data produced in this research, there are some 
potential sources for error in the data, and some potential limitations in its utility. The first major 
limitation in this study was the selection of pre- and post-implementation communities. An ideal 
study would survey the same community before an implementation begins and after it ends. This 
was not feasible for this study because:  
• The initiatives are often multi-year projects from first contact with community to final 
reporting, and there was only a time window of a few months for field work.  
• Approval to conduct field work in communities hinged upon the decision of the 
implementing NGO, community leaders, and in some cases, the local municipal 
government, which was time-consuming and not guaranteed.  
• To maximize the probability of community members being home, Sundays were the 
target days for field work, as well as some Saturdays, but holiday weekends were not 
available because many people traveled back to their ancestral communities outside of 
the city, which left very few viable days for field work. 
Not being able to have an accurate before and after picture for each community was 
compensated for by working in communities at different stages in the implementation of the 
initiative. There is much room for error when “before” and “after” are substituted for “earlier” 
and “later” in the initiative. Another important issue that arises from surveying two different 
communities to evaluate one initiative as that they are indeed two different communities. Each 
community has its own history, culture, experience with landslides, and level of risk to 
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landslides, some of which was discussed in Chapter 2. Some differences in risk perception and 
behavior could have been because of the initiative, but much of it is likely due to the inherent 
differences between the communities. This source of error is not as significant as it could be 
because each NGO is implementing their initiative in fairly similar communities in the same 
geographic region of the metropolitan area. When selecting two communities for each NGO, 
care was taken to choose communities in the same part of the metropolitan area (Figure 2.7) and 
with similar populations and histories, to limit the effect of the simulated before-after sampling 
design. Moser and Kalton (2016) recommend limiting differences between sample groups so that 
a simulated before-after design best resembles an actual before-after design. 
Another limitation is the size of the survey. 84 community members and 11 community 
leaders were surveyed, for a total of 95 community participants. But once these are divided 
between the six communities, there were only about 15 respondents per community, which is a 
small survey size for some of the claims made in this research. This source of error is slightly 
offset because a survey respondent has an average household size of about 6 people, so although 
only 15 residents were interviewed in a given community, nearly 100 residents were typically 
represented via someone in their household. For smaller communities, this represents a 
significant portion of the population (almost 50% of El Tablón), but for the larger communities 
such as Arzú, it only represents about 5% of the population. 
A final concern that resulted from surveying is bias that could have influenced results. A 
community member may be willing to share information about their perceptions and behaviors 
with an interviewer, but the accuracy of that information shared may vary depending on the 
identity of the interviewer, and who was present during the interview. A community member 
may share different information to a family member vs. a community leader vs. an outsider of 
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the community, the latter being the identity of all of the interviewers. Savvy community 
members who have interacted with NGOs and government aid agencies in the past sometimes 
learn how to respond to outsiders in a way that might maximize benefit to their family and 
community. During the landslide risk survey, they may ask themselves, “If I tell this foreigner 
that my perception to landslide risk is high, will it increase the likelihood that the NGO will build 
a retaining wall to mitigate my risk?” This attitude is likely more common in communities that 
have received aid in the past, such as Comunidad Arzú, whose families have received TECHO 
houses for many years. During some interviews, a community leader was present, which can also 
bias responses.  
As with all social science research, the interviews were not conducted in a vacuum, and there 
are a variety of factors that can contribute to perceptions and behaviors of community members 
besides the risk management initiatives themselves. For example, religion and media can 
influence perceptions of landslides. Specifically since Cambray, intense media coverage has 
brought more attention to the risk of landslides in precarious settlements. If this same study had 
been conducted in the year before the Cambray disaster, landslide risk perceptions may have 
been lower.  
In the risk analysis part of this research, one limitation is the small database of landslide 
events for Guatemala, SISMICEDE, which has about a decade of accurate information. The 
creation and continual updating of SISMICEDE is a major improvement over the older 
INSIVUMEH database, and as the only option for fatality rates. This needs to be taken into 
account when using the data, particularly because of the way the Cambray event skews the data 
of the last decade.  
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Another concern in calculating the annual PDI for settlement residents is estimating the 
population of the settlements. The population used for calculations in this research is 400,000, 
which was derived from multiple studies and personal communication with UDEVIPO, the 
federal housing agency. The main uncertainty in estimating the population of precarious urban 
settlements is that there is no agreed-upon definition of what constitutes a settlement, what 
constitutes precarious, or even what constitutes the limits of the metropolitan area. Some 
settlements are informal, or illegal, whereas others have been formalized. There are some 
informal settlements that are not on the slopes of a ravine and therefore not at risk to landslides. 
Barrios (2004) estimates that the settlements, including ones that are not at risk to landslides, 
have a total population of 700,000. Palma et al. (2008) claim that the precarious settlements in 
the municipality of Guatemala have a population of 140,000. Vega, who oversaw the robust 
2016 census of the settlements did not estimate a population, but identified 314 distinct 
settlements, 161 of which are in the municipality of Guatemala (about 50%). She also defined 
the metropolitan area to include five municipalities: Guatemala and four suburban or exurban 
municipalities. UDEVIPO (personal communication) claims that half of settlements are on the 
precarious slopes of ravines. Half of Barrios’s 700,000 would be 350,000. Assuming each 
settlement has about the same population, one can double Palma et al.’s 140,000 claim to 
280,000 for Vega’s definition of the metropolitan area. In this research three more municipalities 
were considered to be part of the metropolitan area: Santa Catarina Pinula, where El Cambray II 
was located, Villa Canales, where Cruz Roja is implementing their initiative, and Amatitlán. 
Based on Vega’s census, there are about 14 settlements for every 100,000 people in the 
metropolitan area, which at the same rate would mean that adding the three extra municipalities 
to the definition of the metropolitan area would add 45 settlements (using INE 2008 population 
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data). Vega’s 314 settlements have an average population between 900 (using the 280,000 
estimate) and 1,100 (using the 350,000 estimate). This range is realistic because the average 
population of the six settlements of this study was also about 1,000. So, the extra 45 settlements 
would add a population between 40,000 and 50,000, putting an estimated population range 
between 320,000 on the low end and 400,000 on the high end. The higher estimate was used 
because many of these studies are a few years old, and the settlements are growing in population. 
If different definitions of settlements or different estimates of their population are used, the PDI 
would change, and this uncertainty needs to be taken into account when analyzing the data. 
6.2  Recommendations 
The goal of this research was not only to understand more about landslide risk 
perceptions and behaviors in Guatemala City’s settlements, but also to provide useful data and 
recommendations to landslide risk managers. Although the data is not always clear, it does show 
that the evaluated initiatives are encouraging people to adopt response plans and mitigation 
measures, especially the community members who are involved directly with the NGO and their 
initiative. The NGOs that were evaluated in this research already know that it is worthwhile to 
evaluate projects and always be critical of their work and its implications, which should be 
encouraged among all the organizations managing risk to landslides in the metropolitan area. The 
results of the risk analysis part of this research will be useful for risk managers to understand 
where a community’s fatality rate places them. If the community is too high, CONRED and 
UDEVIPO should work together to find other housing for all residents. If a community is not in 
the ALARP zone, resources could perhaps best be used in community that is in the ALARP zone 
of the F-N plot. When NGOs first meet with community leaders, they can ask about the history 
of landslides and their consequences in the community to find out what risk they face. If 
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CONRED had a more user-friendly interface for SISMICEDE, it would also be much more 
useful for risk managers to find landslide events in and near the communities they work. 
This research data also shows that community members who are involved with the 
initiative know more about landslide risk and are more likely to adopt landslide-mitigating 
behaviors. This is a positive finding, but it may also mean that information is not being 
effectively disseminated among all community members, especially in young, large and high 
crime settlements with less of a sense of community. To combat this problem, NGOs can attempt 
to make their trainings and events more inclusive by identifying vulnerable community members 
to take part. This would take more time and energy, along with dedicated community leaders, but 
could potentially have a greater net effect on the community if the most vulnerable were better 
served by the initiative. Choosing times and locations of events with the needs of those 
community members in mind is one way to do so. As seen in this research, physical mitigation 
measures were mostly carried out by men of working age. If an NGO can identify households 
without working-age men, they can target them for training in simple mitigation methods, or 
train more able-bodied neighbors or family members. 
6.3  Future Work 
Future studies should focus on reducing the limitations imposed on this study because of 
the limited timeline of this research, such as surveying the same community twice for evaluation, 
surveying more community members in each settlement, and recruiting research assistants who 
have backgrounds and values more similar to the respondents themselves. This work could also 
be expanded by evaluating other initiatives, or replicating the study in a different context, such as 
Tegucigalpa, the Honduran capital city with parallel issues with landslides and informal housing. 
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Current USAC and CSM students who took part in this research have expressed interest in 
building off of this research. 
There are also other similar studies that could be done where this data would be useful. 
This research analyzed changes in perceptions and behaviors, but not actual risk. An engineering 
geologist could develop some risk evaluation method that could be used before and after the 
implementation of an initiative to see if mitigation, implemented by NGOs or community 
members who were encouraged by NGOs, actually reduces risk to landslides. There is also 
ample room to build upon the social science questions this research only mentions. A small 
analysis on the stakeholders of landslide risk management was outlined in Chapter 2, but more 
could be explored. For example, one could study the different risk communication methods of 
different stakeholders and their effectiveness. One could also compare different models for 
community organizations as it relates to risk management. Currently settlements in Guatemala 
City have three different models for community organizations: COLREDes, COCODEs, which 
are organized by municipal governments, and CUBs, which are overseen by the federal 
government (Vega, 2016). Landslide risk management is a topic that spans a spectrum from 
engineering geology to the social sciences, and there is much room to build on this research for 
future studies that can guide risk managers in their goal to build resilience in precarious urban 
settlements. 
6.4  Relevance of Research 
This research was designed to be most useful for landslide risk managers who are actively 
working with communities in the Guatemala City metropolitan area to manage residents’ risk to 
landslides. The three NGOs whose projects were evaluated in this research, Cruz Roja, PADF 
and Perpendicular, can choose to incorporate some of this data and findings into their future 
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plans to improve landslide risk management initiatives. In turn, improved initiatives that 
incorporate community risk perceptions and knowledge can more effectively manage risk to 
landslides in Guatemala City’s settlements. Although not directly improving or suggesting 
improvements to settlement residents, improving initiatives that manage the risk of settlement 
residents can be a more effective way for research to have an impact on more at-risk residents. 
Another area of application for the results of this research is with future student projects, 
such as outlined in section 6.3. Any project investigating risk in vulnerable communities could 
benefit from understanding the relationship between risk and risk perception, and how to 
incorporate risk analysis into community-based projects. In fact, Ethan Faber, the CSM alumnus 
who helped developed CERRPED, the tool being used by Perpendicular, plans to incorporate 
risk perception and behaviors into a project-based course he will be instructing in 2018. 
Professor Omar Flores of USAC in Guatemala City hopes that his geological engineering 
undergraduate students will be able to apply some of the findings presented in this research in 
their senior design projects investigating landslide risk and its solutions. Some of the USAC 
students who conducted field work for this research were inspired to consider community 
members’ perspectives when the investigate landslide risk in their courses and projects. 
Besides being relevant to settlement residents, risk managers and students, this research 
contributes to the geological engineering community and its collective body of knowledge. As 
outlined by Hungr and coauthors (2016), landslide risk management practices that are developed 
using robust risk analysis are limited to highly developed countries, and approaches should be 
developed to “more easily be exported to help people who most need it.” After reviewing the 
academic literature on F-N diagrams for landslides, this research may be the first to specifically 
use the diagram in the context of a developing nation. Although limited data does severely hinder 
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risk analyses, this research provides a framework for some of the applications of a risk analysis 
to landslide risk management in a developing country. Another important contribution to 
geological engineering is incorporating community risk perception, knowledge and behaviors 
into risk management and analysis. Social scientists have studied perceptions and knowledge of 
landslide risk extensively. At the same time, geological engineers have analyzed landslide risk 
based on quantifiable data such as annual PDIs. Much of the geologic literature on landslide risk 
analysis acknowledges the importance of understanding societal risk perception. Despite these 
acknowledgements, investigating risk perception and behaviors using social science methods has 
rarely been undertaken by members of the geological engineering community in their analyses of 
landslide risk. This research is relevant because it provides an example of how to incorporate a 
study of risk perception into a technical analysis of risk. It also demonstrates how risk perception 
can be quantified and compared to other quantifiable measures of risk. Academic and practicing 
geological engineers can adapt the findings of this research into their own research and projects 











CHAPTER 7  
CONCLUSION 
The three landslide risk management initiatives evaluated in this study are only having 
modest impacts, if any, on the average community members’ perception and knowledge of 
landslide risk in the communities where the implementing NGOs work. Knowledge was more 
likely to be gained from actual experience with landslides. The initiatives were successful at 
encouraging community members to change their behaviors, particularly to have a response plan 
in case of a landslide. Whether or not a respondent was mitigating their risk to landslides was 
dependent on their knowledge of landslide risk. Community members who were directly 
involved with the initiative had higher levels of perception and knowledge of landslide risk, and 
were more likely to change their behaviors than those who were not involved. The residents who 
were involved tended to be more privileged, with less concern for crime and money, and had 
more formal education and higher literacy rates. This shows that the information NGOs are 
sharing with communities may not be reaching the communities’ most vulnerable residents. 
The primary risks in the lives of settlement residents are: crime, landslides, money, 
accidents and health. Crime and landslides are the most salient of risks, which correlates well 
with the probability of death to those risks. Settlement residents are actually underestimating 
their risk to crime and overestimating their risk to landslides. This does not support the original 
hypothesis for this research that settlement residents would underestimate their risk to landslides. 
The F-N plot developed for Guatemala’s precarious settlements looks identical to the plot used 




Major limitations of this research include that pre-implementation and post-
implementation surveys were conducted in different communities, and were not strictly before 
and after, but more like earlier and later in the implementation of the initiative. This means that 
“changes” could actually reflect inherent differences between the communities. There also could 
be bias in survey responses because of the identity and relationship between the interviewer and 
respondent, which may have caused an inflation of landslide risk perception responses. The 
sample size was fairly small, as was the landslide event database used for the risk analysis. The 
total population of the settlements was an estimation difficult to validate or prove. 
Despite these limitations, this research effectively quantifies risk perceptions and 
explores trends in perceptions, knowledge and behavior related to landslide risk. The results can 
be used by landslide risk managers working in the precarious settlements of Guatemala City to 
better understand those factors, and to aid in selecting communities in which to work, and 
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SURVEY QUESTIONS FOR COMMUNITY MEMBERS 
 The first four pages of this appendix are the actual sheets used for the interviewer to ask 
the community member and take notes of their responses. This is followed by an English 
translation of each question. 
 
Comunidad:__________________________________________ 
Repuestas de la Encuesta para Comunitarios: Evaluación de la gestión de riesgo a 
deslizamientos en Guatemala 
Fecha: ___________________Encuestadores: 
______________________________________________ 
1. Idioma Preferido:   Español/Otro:    2. Número de lote: 
3. Nombre: 4. Información de Contacto:  
5. Trabajo: 6. Educación: 
Primaria/Básica/Diversificada/Superior/Ninguna 
7. ¿Cuántas personas viven aquí? 
(Edad y Sexo)  
Circula la edad de la persona encuestada 
8. ¿Hace cuánto tiempo ingresó a la 
comunidad? 
 
9. ¿Cuál fue el motivo de su traslado? Nacimiento/Economía/Trabajo/Familia/Otro: 
10. ¿El terreno es propio o alquilado?  Propio/Alquilado 













Salud       
 Economía        
Delincuencia       
Accidentes       
Terremotos/Sismos       
Arena del Volcán       
Deslizamientos       
Inundaciones       
12. ¿Si se le diera la oportunidad, 
usted consideraría mudarse a un 
lugar con menos riesgo?  




13. ¿Cuándo piensa sobre 
deslizamientos?  
(¿Hay ciertas cosas o eventos que 
ocasiona que piense sobre los 
deslizamientos?) 
¿Con qué frecuencia piensa sobre deslizamientos? 
Todo el tiempo/Temporada de lluvia/Cada vez que 
llueve/Casi nunca  
 
 
14. ¿Alguna vez ha notado señales 
de deslizamientos? ¿Cuáles eran? 
Sí/No:  
15. ¿Cuáles factores causan 
deslizamientos? 
Lluvia/Terremotos/Dios/Devegetación/Excavaciones/Otro:  
16. ¿Cree que es posible prevenir 
deslizamientos?  
 









1 2 3 
¿Hace cuantos años?    
No. de fallecidos    
No. de personas 
lesionadas 
   




18. Dado estas dos comunidades 
hipotéticas, ¿en qué nivel de riesgo 
piensa usted que su comunidad se 
encuentra? 
A. Caso A 
B. Caso B 
 
A. Muy alto/Alto/Medio/Bajo/Muy Bajo 
 
B. Muy alto/Alto/Medio/Bajo/Muy Bajo 
 
C. (Comunidad) Muy alto/Alto/Medio/Bajo/Muy 
Bajo 
19. ¿Cuál de estas 2 casas está en un 
lugar más peligroso?  
A/B  
20. ¿Piensa que su casa está en más 
peligro de que se la lleve un 
deslizamiento que la casa de su 
vecino? ¿Por qué? 
 
¿Están correctos?     Sí/No 
Ellos/Vecinos 
21. ¿Qué haría si un deslizamiento 
afectara a su casa ó a su familia?  
 






22. ¿Sabe usted si hay un plan 




23. ¿Cuáles medidas preventivas está 








¿Está tomando estas medidas con 
colaboración de otros? 
 




¿Cómo aprendió estos métodos?  
24. ¿Usted sabe si hay algún 
programa de intervención de 
deslizamientos que está en su 
comunidad? 
¿En cuales programas se ha 
involucrado usted o su familia? 
 
Para la comunidad: COLRED/Cruz 
Roja/Perpendicular/PADF/Otro: 
 
Para la Familia: COLRED/Cruz 
Roja/Perpendicular/PADF/Otro:  
25. ¿Cuál es su rol o relación en ese 
programa? 
¿Qué tan involucrados están? 
Bajo/Mediano/Alto 
Notas del encuestador: 
¿Materiales en la zona de 
impacto?  
Block/Lámina/Madera/Tierra/Otro: 
¿Drenaje? ¿A dónde descarga? Sí/No 



















Community Member Survey Questions: Evaluating Landslide Risk Management in 
Guatemala City 
1. Preferred language 
2. Lot number 
3. Name 
4. Contact (phone number) 
5. Occupation 
6. Education 
7. How many people live here? What are their ages and genders? 
8. How long have you lived here? 
9. Why did you move here? 
10. Do you own or rent the land? How did you get it? 
11. What risks do you face in your life? Of the following natural hazards (earthquakes, 
volcanic ash, floods, and landslides) which of these would you consider a risk in your 
life? Rank the risks mentioned:  
a. Health – contamination of water and foods, healthcare  
b. Economics – unemployment, food insecurity 
c. Crime – delincuencia, ladrones 
d. Physical safety – includes dangerous work environments, car accidents 
e. Natural hazards – earthquakes, volcanic ash, landslides, floods 
12. If given the opportunity, would you move to a place of lower risk? If so, what prevents 
you from moving? 
13. When do you think about landslides? (Are there certain events or things that cause you to 
think about them?) 
a. Objective is to answer “How often do they think about landslides?”  
14. Have you ever noticed signs of landslides? What were they?  
15. What factors cause landslides? (Rainfall, earthquakes, will of God, devegetation, 
excavations) 
16. Are landslides controllable or preventable? By whom?  
17. Please recount to your best knowledge the effects of landslides on your community. 
a. Objective is to answer: when, # killed, # injured, and # of damaged homes 
18. Given two hypothetical communities (A and B), what level of risk do you think your 
community and these communities are experiencing?  
19. Which house is it higher risk to landslides? (A or B) 
20. Between your house and the neighboring houses, which is at higher risk to landslides? 
Why?  
21. What would you do if a landslide affected your house or family? Who came up with that 
plan? 
22. Are you aware of any community-wide plan in case of a landslide? 
23. What preventative measures is your family taking? Who in your family is taking these 




24. What landslide risk interventions or programs are you aware of in your community? 
Which have you or your family been involved in?  
25. What is your role or relationship to that program? 
a. Objective is to answer “What is their level of involvement?” 
Interviewer notes: 
1. What is the materials used in zone of impact? 
2. Where does their wastewater drain?  
3. Is there a community leader present during the interview? 





















SURVEY QUESTIONS FOR COMMUNITY LEADERS 
The first two pages of this appendix are the actual sheets used for the interviewer to ask 
the community leader and take notes of their responses. This is followed by an English 
translation of each question. 
Comunidad:__________________________ 




1. Idioma Preferido:   Español/Otro:    2. Número de lote: 
3. Nombre: 4. Información de Contacto: 
5. ¿Cuantos años tiene usted viviendo aquí? 6. ¿Qué es su puesto en la comunidad? 
7. ¿Cuantos años tiene la comunidad? 8. ¿Cuantos habitantes hay en la comunidad? 
9. ¿Qué tan rápido está creciendo la 
comunidad? 
10. ¿Por cuánto tiempo han sido parte de la 
comunidad la mayoría de las familias? (años) 
11. ¿Qué tan involucrados son los miembros 









No. de personas 
fallecidas 
 
No. de personas 
heridas 
 
No. de casas dañadas   
 
 
13. ¿Hay un plan comunitario en caso de que 
ocurra un deslizamiento? 





14. ¿Hay algún sistema de alerta temprana 
(SAT) por si pasa algún deslizamiento en la 
comunidad? 












16. ¿Quién en la comunidad está tomando 
esas medidas? 
 
17. ¿Están colaborando con alguna 
organización?  


















































1. Preferred language:   Spanish/Other:     
2. Lot number: 
3. Name:  
4. Contact Information: 
5. How many years have you lived in the community?  
6. What is your position in the community? 
7. How old is this community? (years)  
8. How many people live in the community? 
9. How fast is the community growing?  
10. How long have most families been a part of the community? (years) 
11. How active are community members in community-wide events/meetings? Very 
High/High/Medium/Low/Very Low/None 
 
12. Please recount to your best knowledge the effects of landslides on your community. 
Landslide history events  
When?  
People killed  
People injured 
Homes Damaged   
 
13. Is there a community-wide plan in case of a landslide? 
If so, who made that plan?  
14. Is there an early warning system for landslides in the community? 
Has it been used successfully?  
15. Which of these preventative measures is the community taking?  
Drainage/Slope/Construction/None/Other: 
16.Who in the community is taking these measures?  
17. Are they being done with any outside collaboration? 
If yes, with whom are you collaborating? COLRED/Cruz Roja/Perpendicular/PADF/Other: 
Additional notes: 
